Introduction
Nanotechnology, an emerging technology considered to be a "key technology for the 21 st century", includes the development and practical applications of structures and devices on the scale of 1-100 nm in a large variety of research areas including medicine. The expectations raised by nanotechnology are overwhelming; the praise it receives sometimes even resembles religious awe. On its website regarding nanotechnological research, the European Union raves: "Nanotechnologies are something
of a Holy Grail for many of today's research project teams, whether they are working on inanimate matter or living organisms. Manipulating arrangements between atoms to form nanosystems -with unique physical, chemical and biological properties -opens the door to applications which mark the beginning of a truly innovative technological era"
1 . The European Commissioner for Science and Research, Janez Potočnik, expects nanotechnology to improve the lives of the European people: "Nanotechnology is an area which has highly promising prospects for turning fundamental research into successful innovations. Not only to boost the competitiveness of our industry but also to create new products that will make positive changes in the lives of our citizens, be it in medicine, environment, electronics or any other field " 2 . In consequence of the expectations raised by nanotechnology, this area is currently receiving a lot of political attention and public funding. Animal welfare concerns regarding nanotechnology address the questions whether this new area of research is leading to an increase in animal experiments and, if so, how distressful such experiments are and how they can be prevented.
In pursuance of these questions, the Foundation Animalfree Research conducted a critical literature survey to obtain an overview on animal experiments and non-animal experiments in nanotechnology (Sauer, 2009) . As of 2004, a continuous increase in scientific publications covering biomedical research in nanotechnology could be discerned. One-fourth of the publications related to studies conducted in vivo; whereas three-fourths of the publications depicted in vitro research. Nevertheless, also these estimations are disquieting from the point of view of animal welfare. Since nanotechnology is an emerging technology, the animal numbers could possibly indicate the beginning of a continuous increase in animal testing. Furthermore, a large proportion of the animal experiments evaluated were moderately and even severely distressful to the animals (Sauer, 2009) .
Topics addressed by in vivo animal experiments in nanotechnology research were drug, gene, vaccine delivery with "nanocarriers", medical imaging technologies with nanoparticles, studies evaluating toxic effects of nanomaterials, issues of regenerative medicine and tissue engineering, as well as surgical procedures making use of nanotechnological innovations (Sauer, 2009) .
urements, in vitro testing of a representative set of nanomaterials on critical cell lines)
; related studies on reference materials and dosimetry; studies on the applicability of computational methods for assessing nanoparticle properties, including toxicity; and database development." Apart from this statement, there is no direct or indirect reference to consideration of animal welfare issues in the first implementation report to the nanotechnology action plan.
Currently, specific legal requirements on the marketing or safety testing of nanomaterials do not exist. In February of 2008, the European Commission adopted a voluntary code of conduct on responsible nanotechnological research (Commission of the European Communities, 2008) . The code of conduct lays down that nanotechnology and nanosciences (N&N) should not harm or create a biological, physical or moral threat to people, animals, plants or the environment, at present or in the future (page 6). Key priority 4.1.13 (page 8) of the Code of Conduct grants the implementation of the 3Rs principle high priority: "Member States, N&N research funding bodies and organisations should encourage fields of N&N research with the broadest possible positive impact. A priority should be given to research aiming to protect the public and the environment, consumers or workers and aiming to reduce, refine or replace animal experimentation."
Member State and Associated Countries political actions regarding nanotechnology
The following overview depicts political action plans regarding nanotechnology in the German speaking EU Member States Germany and Austria as well as in the associated European country Switzerland.
Germany
In 2007, the German Federal Government adopted the "NanoInitiative -Action Plan 2010" (BMBF, 2007) . Similarly to the aims of the EU action plan, the goals spelled out in the German action plan are to open up research areas, to improve general frameworks, to act responsibly and to inform the public. As regards animal welfare issues, the action plan confirms a dedication to avoiding animal testing in nanotechnological research: "The BMELV (Federal Ministry for Food, Agriculture and Consumer Protection) is especially concerned with ensuring that animal protection issues are taken into account right from the start and that alternative and complementary methods are used in place of animal testing wherever possible", (page 8).
In a status report on nanotechnology, the German Government declares its commitment to found nanotoxicological testing on non-animal test methods (BMBF, 2009, page Lisbon, 2008) . Whereas this statement sets the framework for the European Union's attitude towards animals, the term "full regard" is imprecise and evasive. There are no legal definitions establishing when "full regard" has actually been met.
From the point of view of animal welfare, "paying full regard to animal welfare issues" should lead to the inclusion of animal welfare issues in political activities and ethical deliberations (since they in turn will become the frameworks for future political activities) and by making available sufficient funding and other incentives to ensure that the animal welfare goals can indeed be met. It is along these lines that the present article evaluates how political actions, scientific committee opinions and ethical deliberations regarding nanotechnology address animal welfare issues and to which extent research programmes promoting nanotechnology take them into consideration. 4 . On the internet pages of the Austrian NANO Initiative reference to specific consideration of animal welfare issues cannot be discerned.
As a part of the NANO Initiative, the Austrian Government has set up a Nano-Forum, a national platform, which addresses science, enterprises, societies and associations, networks relevant to nanotechnology, finance companies and other strategic partners in Austria. The objectives of the Nano-Forum do not make reference to animal welfare issues 5 . As an important part of the Austrian NANO Initiative, the Austrian Institute for Technological Impact Assessment (ITA, Institut für Technikfolgenabschätzung) is currently performing a project called "Nano Trust -Health and Environmental Risks of Nanotechnology" 6 . A workshop organised within the NanoTrust project on the "Risk Governance of Nanotechnologies -Possible Health Effects of Manufactured Nanomaterials" (24 September 2009) 7 included presentations on in vitro test methods for nanotoxicological testing. The SCENIHR backs up this estimation of the scientific potential of non-animal test methods by reference to publications by Warheit et al. (2007) , Sayes et al. (2007) , ECETOC (2006) and Oberdörster et al. (2005) . Warheit and co-authors considered two in vitro test methods in their evaluation, the Ames bacterial reverse mutation test and an in vitro chromosomal aberration test with Chinese Hamster Ovary cells. The SCENIHR questions whether the nanomaterials used were actually able to enter the bacterial cells. Sayes and co-authors used three different in vitro cultures for determining in vitro pulmonary toxicity: cultures of rat L2 lung epithelial cells, primary alveolar macrophages collected from unexposed rats by bronchoalveolar lavage and cell co-cultures with both of these cell types. As SCENIHR (2009) report, the "toxicity end points showed little correlation between in vitro and in vivo measurements for inhalation toxicity profiles". Due to these observations, the SCENIHR questions the relevance of in vitro test methods for nanomaterial risk assessment. Oberdörster et al. (2005) sum up the results of an expert working group convened by the International Life Sciences Institute Research Foundation/Risk Science Institute with the aim to develop a screening strategy for the hazard identification of engineered nanomaterials. The report presents "the elements of a screening strategy rather than a detailed testing protocol" (accentuation by Oberdörster). The three key elements of the presented toxicity screening strategy are: physicochemical characteristics, cellular and non-cellular in vitro assays, and in vivo assays. Nanotoxicological literature evaluated by Oberdörster and co-authors demonstrated comparability of in vivo and in vitro test results: "Tissue and cell culture analysis have also supported the physiological response seen in whole animal models and yielded data pointing to an increased incidence of oxidative stress, inflammatory cytokine production, and apoptosis in response to exposure to ultrafine particles." Thus, the expert working group started out by developing a screening strategy from the beginning, with this strategy including both in vitro and in vivo test methods. Oberdörster et al. (2005) consider in vitro methods to be an "important adjunct to in vivo studies". Like Sayes et al. (2007) , they point to the "lack of validation against in vivo adverse effects" of in vitro methods.
Switzerland
Similarly to Oberdörster and co-authors, ECETOC (2006) For scientific reasons this conclusion should be questioned. It goes without saying that assays need to be validated and their relevance for in vivo -i.e. human -hazard identification demonstrated in order to become applicable for risk assessment. Likewise, the SCENIHR's observation that also in vivo assays have not yet been validated is correct. However, there are no scientific reasons to support the assumption that the experience gained in the testing of chemicals with in vivo assays indicates that they can be used for the detection of some potential hazards of nanomaterials. "Learning from experience may be nothing more than learning to make the same mistakes with increasing confidence", (Skrabanek and McCormick, 1989) .
Experience can only supplement validation as a prerequisite for the sound application of any test method. Moreover, experience is not an issue distinguishing in vivo from in vitro tests. Experts in the area of alternative methods should be involved in the task to develop non-animal testing strategies for nanomaterial safety testing.
The scientific studies cited by the SCENIHR in their evaluation of the applicability of in vitro test methods for nanomaterial testing performed conventional in vitro assays, such as the Ames test, the in vitro chromosomal aberration test with CHO cells and in vitro cell culture assays with rat lung epithelial cells and rat alveolar macrophages. However, a comprehensive nonanimal testing strategy for nanomaterial testing should include in vitro assays making use of human cell cultures, since human cells more closely mimic the situation in humans.
Additionally, as regards the in vitro methodologies used by Sayes and co-authors, the nanomaterials were suspended in media for exposure to the cells. Accordingly, Sayes et al. report on various degrees of agglomeration of the nanoparticles in the suspension. Thus, it is unclear whether and in which concentration the substances actually reached the cells in their nanoparticulate form. Technologies for applying nanomaterials to in vitro cultures, however, should ensure consistent controlled exposure to the actual nanoparticles at a known concentration and known particle size. This has been recognized as a crucial issue decisive for the outcome of studies testing nanomaterials. Accordingly, dose-controlled systems have been developed to ensure consistent cell exposure to aerosolized particles (Lenz et al., 2009) . Furthermore, application of the nanoparticulate test substances suspended in culture medium by no means resembles the physiological situation in the lung. Test methods specifically developed for pulmonary nanomaterial testing should be selected, such as co-culture models with human cells simulating the air-liquid interface (Brandenberger et al., 2009 ).
Finally, one of the endpoints tested by Sayes et al. (2007) was MTT Reduction. However this detection method has been recognized as being badly suited for nanomaterial testing. In colorimetric assays, nanomaterials can interfere with the indicator dyes thereby seriously hampering the validity of the test results (Wahl et al., 2008; Gellein et al., 2009) . Regarding the time points selected by Sayes et al. (2007) to determine the endpoints in vivo (acute versus chronic) and in vitro (at 1, 4, 24, 48 h), it can be questioned whether they are adequate for a comprehensive comparison of the in vivo and in vitro results.
In consequence, the scientific studies discussed by the SCENIHR do not appear conclusive in determining the scientific possibilities of in vitro test methods for nanomaterial safety testing. While it goes undisputed that further research is required to develop and validate non-animal testing strategies for nanomaterial testing, in the meantime, with the validation of any test method for nanomaterial testing pending, all nanotoxicological testing can only serve screening purposes -be it performed in vivo or in vitro, just as was pointed out by Oberdörster and co-authors.
Consideration of animal welfare issues in ethical deliberations regarding nanotechnology

Opinion of the European Group on Ethics in Science and New Technologies on ethical aspects of nanomedicine
The European Group on Ethics in Science and New Technologies (EGE) has the task to examine ethical questions arising from science and new technologies and on this basis to issue opinions to the European Commission in connection with the preparation and implementation of Community legislation or policies.
In 2007, the EGE published an opinion on ethical aspects of nanomedicine (EGE, 2007) . A key issue discussed in this opinion is the protection of human dignity as a fundamental shared value of the European society. According to the EGE, nanomedicine raises issues concerning the protection of this fundamental value: "The interests of science are legitimate and justified insofar as they are compatible with human dignity and human rights."
Amongst other issues, such as human enhancement due to nanomedical devices, the costs of nanomedical therapies leading to societal imbalances or privacy protection issues (see Box 1, next page), the EGE discusses the importance of risk assessment in ensuring human dignity and points to the ethical problems of dealing with knowledge gaps when assessing the risks of nanomaterials: "Risk assessment is conceived not only as a technical element for the safe governance of nanotechnology but rather as a factor conducive to the protection of the human dignity and autonomy of the persons directly (medical applications) 
EU projects relating to ethical aspects of nanotechnology
Starting with the 5 th EU Research Framework Programme, the European Union has been funding projects, which deal with ethical issues of this emerging technology. In October 2008, the Directorate General Research of the European Commission published a report on EU projects on ethical, legal and social aspects (ELSA) of nanotechnology. These projects comprise a broad range of topics, such as privacy issues, acceptance of the new technology, human health issues, accessibility to the new technology, and issues of company liability (Hullmann, 2008) . The ELSA Report presents a total of 27 EU funded projects dealing with ethical aspects of nanotechnology, 2 from the 5 th Research Framework Programme, 20 from the 6th and 5 from the 7 th Research Framework Programme. Details of these projects are summarized in Annex 1.
As a part of the survey at hand, the websites of the mentioned EU ELSA projects were evaluated as to their consideration of animal welfare issues. None of the ELSA projects reviewed explicitly included animal welfare issues in their ethical deliberations on the impact of nanotechnology (see Annex 1).
Instead, one of the projects relating to the risk assessment of nanoparticles, NANOSAFE2 (see project No. 2 in Annex 2), did refer to ethical problems relating to animal experiments: "Because in-vivo experiments, using animal models, are expensive, slow and ethically questionable, there is a strong demand for a low-cost high-throughput in-vitro assay without reducing the efficiency and reliability of the risk assessment."
Consideration of animal welfare issues in EU research funding programmes regarding nanotechnology
General figures on EU funding in nanotechnology
EU research programmes are considered to be "main initiatives" for the implementation of the European Action Plan on Nanotechnology (Aguar and Nicholas, 2008) . In consequence, the 5 th , 6 th and 7 th EU Research Framework Programmes have dedicated significant funding to nanotechnology related research. During the 6 th Research Framework Programme alone, a total of 550 EU projects on nanotechnology were funded Societal issues: Access to nanomedical developments from an individual perspective. Who can afford nanomedicine? Is nanomedicine leading to a two-class citizenship? Apart from the social question of discrimination and injustice, how do individuals cope with the gap between availability in principle and non-availability in their concrete lives?
Medical vs. non-medical uses -therapy vs. enhancement: New nanomedical tools can be used not only to transgress the border between medical and non-medical uses but also to open the door to ethically problematic enhancements. This raises questions not only for the state but also for the individual: how can we preserve the plurality of life-styles and avoid the transformation of the medical system into a mere service system for whatever desire individuals may have?
Informed consent: Consent may not be too difficult to obtain -but when is it informed? And when is it free? How should one deal with medical information, considering the knowledge gaps and uncertainties, and with predictive information where more extensive information becomes available much more rapidly than before? Diagnostic complexity and increased personal responsibility: This trend in nanomedicine reinforces tendencies in health care where the improved precision, the increasing number of options and the speed of the diagnostics will on the one hand enhance personal freedom, at least theoretically. But it can also, on the other hand, create anxiety by increasing individual responsibility for the choices made. This may lead to a shift of responsibility between doctors and patients so that the responsibility of patients for their health will increase. If the most enthusiastic advocates of nanomedicine are right, it may also affect the very concepts of health and disease.
Third party uses -insurance companies & employ-
ers, the individual and the state: How can privacy be protected, when more and more information can be used for surveillance rather than only for medical reasons? Where can the line be drawn between useful data storage within the medical context and non-medical data storage? What strategies are implemented to protect the individual's privacy in both contexts? 
Military use of nanotechnology:
A new generation of weapons could be created with nanotechnologies that could have disastrous consequences for health and the environment. This research clearly raises concerns about its potential impact on safety and human welfare.
Anthropological questions -changing the human condition: Nano-scale implants and devices may have an impact on autonomy, integrity, self-identity and freedom. In particular, what are the implications of the "man/machine" distinction, and in the perception of it, on a social level? How do our concepts of human beings change?
Research prioritisation: Research funding affects research in nanomedicine, and emerging research in nanomedicine will affect research funding. Research funding in general raises ethical issues concerning the criteria used in priority setting.
The temptation of exaggerating benefits ("hype") should also be considered. The competition for research funds may, with the assistance of media and science fiction writers, contribute to creating nanomedical hype with regard to the curability of all diseases. Nanotechnologies have been especially prone to the current zeitgeist of exaggeration. Futurologists have made grandiose claims for their potential to transform our lives, that all will be inevitable and wonderful, asserting certainty about outcomes, which the writers cannot know.
As regards selection of scientific topics, the NanoBio-RAISE Briefing Paper on Nanomedicine 2 notes:
Nanomedicine aims at lowering mortality in advanced countries where mortality already is low. Regarding the expectations raised by biomedical research, the example of cancer research is discussed:
The 2004 presentation of the cancer nanotechnology initiative in the United States revolves around the goal of "eliminating death and suffering from cancer by 2015".
Box 1 -Ethical aspects of nanomedicine (EGE, 2007)
1 http://files.nanobio-raise.org/Downloads/BPethics.pdf -see Annex 1 for more information on the EU NanoBioRaise Project 2 http://files.nanobio-raise.org/Downloads/Nanomedicine-fullweb.pdf -see Annex 1 for more information on the EU NanoBioRaise Project (Commission of the European Communities, 2007). Being "main initiatives" for implementing the Action Plan, research programmes should also be key elements in "paying full regard to the welfare requirements of animals" as requested by the Treaty of Lisbon. As Hullmann (2008) depicts, in the 5 th Framework Programme (1998) (1999) (2000) (2001) (2002) , the estimated funding level of nanotechnology was about 45 € million per year, with the overall budget being 14.96 € billion. Also according to Hullmann (2008) , the 6th Framework Programme (2002) (2003) (2004) (2005) (2006) contained "a strong focus on nanotechnology". Out of a total proposed funding of 17.5 € billion, 1.3 € billion has been devoted to the priority thematic area of research on nanotechnology, knowledge-based materials and new industrial processes.
For the 6 th Framework Programme, Hullmann counted 20 projects relating to ELSA and governance of nanotechnology, most of them being specific support actions or coordination actions. According to Hullmann, some of these projects are directly focused on nanotechnology, others treat nanotechnology as one of several case studies, and others in turn deal with general issues that can be applied to nanotechnology. Regarding the calculation of "nanotechnology"-specific funding of those projects, which do not address nanotechnology issues exclusively, Hullmann reports that while the overall EC funding of these projects amounts to 15.85 Mio. €, the "nano share" has been calculated by deducing the share, which is not directly relevant for nanotechnology. Doing this, an amount of 8.85 Mio. €, specifically aiming at ELSA and governance of nanotechnology, remains.
Finally, regarding the 7 th Framework Programme (2007-2013), Hullmann (2008) recognizes a considerable increase of the budget foreseen for nanotechnology forming part of Theme Four of the Framework Programme "Nanosciences, nanotechnologies, materials and new production technologies -NMP" within the "Cooperation" programme. According to Hullmann, the total budget of FP7 is 50.52 € billion, with 3.47 € billion for the theme "NMP".
In summing up the mentioned figures, the European Union is dedicating a total of approximately 5 billion € to nanotechnology related research over the timeframe of 14 years, i.e. from 1998 until 2013.
Private and national funding is also made available to promote nanotechnology research. In Europe, national funding is estimated to make up approximately two thirds of the total public funding: "Over its lifetime, FP6 accounted for almost a third of total public expenditure in Europe for N&N. Global expenditure in N&N, both public and private, in the period 2004-06 was around EUR 24 billion. Europe accounts for more than a quarter of this worldwide total, with the EC funding directly accounting for 5-6%" (Commission of the European Communities, 2007).
EU funding of projects on the possible health, safety and environmental impacts of nanoparticles -in vitro and in vivo test methods
How much of the total amount of funding in nanotechnology is dedicated to in vitro research and to research aiming at avoiding animal testing? The literature survey by Sauer (2009) revealed incentives to replace animal testing in nanotechnology in the area of risk assessment, but not in the area of fundamental biomedical research, such as nanomedicine. Likewise, reports on test methods performed for the efficacy testing of nanotechnological products and devices are not yet available. Also in the course of the survey at hand, no projects aiming at the development of non-animal test methods for nanomedical fundamental or applied research could be discerned. As regards projects in the risk assessment of nanomaterials, Aguar and Nicholas (2008) present an overview of past and ongoing research projects relating to possible impacts on the human health or environmental safety of nanoparticles that were funded by the EU Framework Programmes Part 2 of the Annex presents a list of 14 EU funded projects relating to the human health risk assessment of nanoparticles. Of these, research projects with the main goal to develop nonanimal test methods in nanotechnology are the FP6 projects CellNanoTox (Cellular Interaction and Toxicology with Engineered Nanoparticles) and DIPNA (Development of an Integrated Platform for Nanoparticle Analysis) and the FP7 project NANOtest (Development of alternative testing strategies for the assessment of the toxicological profile of nanoparticles used in medical diagnostics). Further research projects (e.g. Nanosafe2, NANOSH, PARTICLE-RISK, ENPRA, NANORETOX) also cover research on in vitro toxicological test methods, however do not address the development of non-animal test methods as main objective of the project (see Annex 2).
The funding granted to those projects directly aiming at developing non-animal test methods for nanomaterial toxicological testing amounts to 2.6 Mio. € for the project CellNanoTox, 2.8 Mio. € for DIPNA, and 3.0 Mio. € for the project NANOtest (Aguar & Nicholas, 2008 ) -a total amount of approximately 9 Mio. €.
Over the last 20 years, the European Union's total financial contribution to the implementation of the 3Rs principle in general, regardless of its relation to the specific area of nanotechnology, amounted to some 200 Mio. € (European Commission -European Research Area, 2009).
Challenges and opportunities of nanotechnology from the point of view of animal welfare
The Treaty of Lisbon obliges the European Union and the EU Member States to pay full regard to the welfare requirements of animals when implementing research and technological development policies. Nanotechnology is such a research area. Its political framework is currently under development. The survey at hand evaluates how and to which extent European political activities, ethical deliberations and public research programmes relating to nanotechnology take into account animal welfare issues.
As could be shown, the EU and national political action plans supporting nanotechnology and related initiatives do take into account animal welfare issues to some extent, at least by reference to the 3Rs principle or indirectly by consideration of in vitro toxicity testing methods. However, the subsequent activities implementing the EU action plan, i.e. research funding programmes, scientific committee opinions and ethical deliberations, currently do not go far enough to pay full regard to animal welfare issues.
Research funding programmes relating to nanotechnology, considered to be "main initiatives" for implementing the nanotechnology action plan, promote the development of non-animal test methods, at least in the area of nanotoxicology and risk assessment of nanoparticles. In nanomedicine, no research projects could be discerned aiming at developing non-animal testing strategies, neither for fundamental research purposes nor for testing the efficacy of products or devices. In total, the amount of EU funding provided for non-animal test method development in nanotechnology, does not seem sufficient to pay "full regard to animal welfare issues".
So far, the European Union has made available approximately 9 Mio. € to specifically fund the development of non-animal test methods for nanomaterial testing -with additional funding for projects which include the development of non-animal test methods amongst other project objectives. The development of non-animal test methods in general has been receiving EU funding of 200 Mio. € over a time span of 20 years. In comparison, the entire key subject of nanotechnology is receiving a sum 25 times higher -and that over a shorter period of time: approximately 5 € billion EU funding over a time span of 14 years (Aguar and Nicholas, 2008) .
In order for the development and validation of non-animal test method to also become a key subject, thereby paying full regard to animal welfare issues, its funding in nanotoxicology -and also nanomedicine -requires considerable adjustment. This request also meets the provisions of Article 23(1) of the European Directive on the Protection of Laboratory Animals 86/609/EEC, which explicitly calls upon the European Community and its Member States to encourage research into the development and validation of alternative techniques. It remains to be hypothesized how far the development and validation of non-animal test methods could proceed if this area would receive 5 € billion of EU funding over the time span of one and a half decades. Since the budget of the ongoing EU Research Framework Programme, which will continue until 2013, is set, at least projects aiming at developing or performing in vivo test methods should no longer be promoted under FP7 so that the respective funding will fully be made available for non-animal test method development.
Ethical deliberations on nanotechnology so far do not seem to take into consideration animal welfare issues at all. Considering that ethical discourses are likely to influence future political actions and public views, their impact on the future development of nanotechnology policies and regulations is evident. It is questionable whether nanotechnology regulations and policies can meet the provisions of the Treaty of Lisbon to pay full regard to the welfare requirements of animals if the underlying ethical deliberations on nanotechnology do not include animal welfare issues. Which aspects should ethical deliberations on nanotechnology include in order to comply with the animal welfare provisions of the Treaty of Lisbon?
Whereas the current nanotechnology "hype" is producing unrealistic expectations and possibly unethical products, the pain, suffering and distress of the animals involved in nanotechnological research is real.
A number of reports point to the "hype" associated with nanotechnology and question whether many of the expectations raised by nanotechnology will be met at all. Similarly, a variety of serious ethical concerns are being spelled out in regard to a number of nanotechnological products, concerns which might even lead to the proscription or prohibition of such products. In the meantime, however, animal experiments are being performed in nanotechnology, inevitably leading to pain, suffering and distress inflicted upon the animals involved.
The likelihood of achieving a scientific goal must be addressed in any cost-benefit-analysis of an animal experiment, in which the likely scientific benefit is balanced against the inevitable distress of the animals. From the point of view of animal welfare, it is unethical to perform distressful animal experiments, if the probability of achieving the goals pursued is questionable in the first place. Likewise, animal experiments should not be permissible for the development of products that raise serious ethical concerns. In such scientific areas, research involving sentient animals should be discontinued at least until the ethical debates have advanced to a stage that there is wide agreement as to which products are deemed acceptable. As a consequence of this vision, international efforts are striving to accomplish this paradigm change for the safety testing of bulk chemicals. As regards the safety testing of nanomaterials, where validated test methods or testing strategies so far do not exist, scientific and political efforts should set out to develop a non-animal testing strategy from the beginning. At a time, when global incentives strive for a paradigm change in toxicology, it is no longer ethically acceptable to start out by devising testing strategies, which are based on the outdated test methods.
Hazard identification, exposure and risk assessment should be combined to a tiered-testing and assessment strategy making use of non-animal test methods. Experts in the field of non-animal test methods should be called for their advice on the compilation of such non-animal testing strategies to ensure that these meet the state-of-the-art of in vitro and in silico technologies, while at the same time ensuring human health and environmental protection.
Risk assessment is conceived as a key element to protect human dignity in regard to nanotechnological products. This risk assessment should be based upon scientifically valid and ethically acceptable non-animal test methods and testing strategies.
Risk assessment is considered to be a key element to ensuring the protection of human dignity when making use of a new technology, in order to grant humans the fundamental right of respect for physical integrity. Evidently, this includes protection from harm through intended or unintended exposure to man-made substances and products. However this goal can only be met if scientifically reliable and relevant test methods are used for the underlying substance and product hazard assessment. Apart from the above-mentioned general scientific criticism towards animal tests (National Academy of Sciences, 2007) , specific animal test methods for nanotoxicological testing have not yet been validated and their use is being based upon "experience" instead. Such methods should be considered inadequate to protect humans -or their dignity. Furthermore, animal test methods pose new ethical problems, which also should not be disregarded in pursuing solutions that aim to protect human dignity.
The recommendation of the European Group of Ethics, to "devise valid animal testing models to monitor the side effects of nanomedical devices" does not address these fundamental problems of current safety testing strategies. Those responsible for human health safety -and the protection of human dignity -should aim to rely on ethically acceptable and scientifically reliable and relevant testing strategies.
European citizens are concerned about animal welfare. Public involvement in the debate on nanotechnology should take into account information on resulting animal research.
In accordance with a Eurobarometer published in March 2007 on the "attitudes of EU citizens on animal welfare" 12 , EU citizens see animal welfare as a matter of great importance, regardless of social or demographic factors. Likewise, in accordance with a Eurobarometer published in June 2005, on "societal values, science and technology" 13 , 82% of the Europeans agree with the statement that humans have a duty to protect the rights of animals whatever the cost.
Animal welfare issues should be included when making available to the public information on the costs of nanotechnology. The public should be informed in which areas this new technology has the potential to lead to an increase in animal testing and how distressful these experiments actually are to the animals. This is more so true when new products are ethically questionable also from human ethical point of view. If the public is hesitant to use the new technologies in the first place, a rise in animal experimentation due to emerging nanotechnologies should be subject to public discussion.
Conclusion
In order to pay full regard to animal welfare issues, as requested by the Treaty of Lisbon, the emerging research area nanotechnology can and should be used to accelerate the paradigm change called for in toxicological testing -not least because of the new non-animal technological developments it is bringing forward. To achieve this goal, however, the funding for nonanimal test methods requires considerable increase; and funding requirements should be adjusted to specifically promote nonanimal test methods. Since risk assessment is considered to be a prerequisite to protect human dignity, it should no longer be founded on scientifically deficient and at the same time ethically questionable test methods. The animal welfare issues regarding ongoing developments in nanotechnology should be included in all ethical deliberations and public debates regarding nanotechnology to enable European citizens to obtain a comprehensive opinion on the overall "costs" of nanotechnological products.
